The Three-Georges Dam holds many records in the history of engineering. While the 22 dam has produced benefits in terms of flood control, hydropower generation and in-23 creased navigation capacity of the Yangtze River, serious questions have been raised 24 concerning its impact on both upstream and downstream ecosystems. It has been sug-25 gested that the dam operation intensifies the extremes of wet and dry conditions in the 26 downstream Poyang Lake, and affects adversely important local wetlands. A floodgate 27 has been proposed to maintain the lake water level by controlling the flow between the 28 Poyang Lake and Yangtze River. Using extensive hydrological data and generalized li-29 near statistical models, we demonstrated that the dam operation induces major changes in 30 the downstream river discharge near the dam, including an average "water loss". The 31 analysis also revealed considerable effects on the Poyang Lake water level, particularly a 32 reduced level over the dry period from late summer to autumn. However, the dam impact 33 needs to be further assessed based on long-term monitoring of the lake ecosystem, cover-34 ing a wide range of parameters related to hydrological and hydraulic characteristics of the 35 lake, water quality, geomorphological characteristics, aquatic biota and their habitat, wet-36 land vegetation and associated fauna. 37
Introduction 38
Dams have been built for thousands of years to regulate river flows for flood control 39 and to secure adequate water supply. In modern times, hydropower generation and navi-40 gation motivate further the construction of dams. Despite their benefits, dams have be-41 come increasingly controversial. Advocates cite the need for even more dams to address 42 3 challenges of global climate change, energy production and water shortages, while oppo-43 nents argue on the basis of adverse social and environmental impacts [3, 5, 7] . Large dams, 44 in particular, produce major ecological changes in rivers, and surrounding terrestrial and 45 wetland ecosystems [3, 7] . 46 Dams influence both upstream and downstream ecosystems. Inundation upstream 47 may result in irreversible damage to local terrestrial ecosystems. Reservoirs behind dams 48 trap waterborne materials including sediments and hinder migration pathways for aquatic 49 species. Dam operation affects the flow regime, sediment transport, and water tempera-50 ture and quality downstream. Some of these changes are immediate and obvious, but oth-51 ers are gradual and more difficult to predict [3, 7] . 52
Perhaps no dam has caused more debate about the benefits and impacts than China's 53 generation and expanded river navigation capacity [2] . It also has resulted in or will po-57 tentially cause major changes to the river system, including the Poyang Lake [6], a key 58 tributary of the Yangtze River downstream of the dam and the largest freshwater lake in 59 China (Fig. 1) . With extensive wetlands, the lake hosts an important ecosystem and pro-60 vides habitat for migratory birds [6] . The lake is generally shallow with an average depth 61 around 8 m, and thus the functioning and extent of its ecosystem are sensitive to water 62 level changes. 63 4 Compared to its prior state, the 3GD makes two major changes in the river discharge 64 pattern over an annual cycle: an increase in May and a decrease in September. The for-65 mer is intended to increase the reservoir's storage capacity for flood mitigation generated 66 by heavy upstream summer rainfall. This operation coincides with the Poyang basin rainy 67 season, which is typically 1-2 months ahead of the upstream rainy period [10] . It is hy-68 pothesized that the increased discharge may raise the river water level at the lake mouth 69 (Hukou) and thus constrain the drainage of the lake to the Yangtze River (blocking effect; 70 Fig. 1 ), worsening flooding in the lake area. Around September, the discharge is reduced 71 to increase the water level in the reservoir for power generation. The change may lead to 72 lower water levels in the river downstream and thus increase the drainage of the lake 73 (emptying effect), intensifying "drought" in the lake area over the dry season [10] . 74
The hypothesis of the blocking and emptying effects has not been tested rigorously 75 with existing data. Yet a proposal has been put forward to build a floodgate at the lake 76 mouth to regulate the lake water level by controlling the flow between the lake and river 77 [6] . To assess the hydrological changes in the lake in response to the dam operation, we 78 analyzed hydrological data collected from the dam and lake areas ( should be used to analyze the system. However, this is not feasible at present due to the 83 lack of a wide range of essential data needed for building a physical process-based model 84 (e.g., long-term, distributed data of meteorological conditions, catchment topography and 85 land use, catchment hydrogeology, river morphology, lake bathymetry and water uses). 
River flow regulation imposed by the dam 89
The dam regulation is based mainly on the needs of flood control and hydropower 90 generation. The reservoir water level data reflect both this regulation principle and the 91 weather conditions (Fig. 2) . In addition to three stages of mean level rise evident in cases (Fig. 3) . To avoid possible over-fitting of the data, cross-validation [11] was con-162 ducted to ensure that the final models were the most reliable. Both models were then ap-163 plied to simulate the discharge based on averaged daily rainfalls over three different data-164 collection periods: before and after the dam, and the entire period. Consistent trends and 165 differences between the predictions by the two models are evident in the simulation re-166 sults (Fig. 4) . The differences indicate the effects of the dam operation. Overall, the post-167 dam model predicts reduced discharges from the dam -an average loss of about 5% of 168 discharging water occurred in all three cases. While both periods before and after Sep-169 tember showed reduced discharges as suggested by the above data analysis, the models 170 provided further insight into the changes. A slight increase of the discharge was predicted 171 as a response to the dam operation around May to lower the reservoir water level for 172 flood control. After September, the predicted discharge reduction was expected as a result 173 of the dam operation to raise the reservoir water level for power generation. It is likely 174 
